These experiments examined the responses of articular blood vessels in the rabbit knee to induction of acute joint inflammation by intraarticular injection of 4% kaolin suspension. This produced an inflammatory response, which became evident about four hours after injection. Electrical stimulation of the nerve supply to the knee joint before induction of inflammation produced a biphasic responsean initial vasoconstriction during the stimulation phase followed by dilatation after stimulation stopped. These responses were followed up for eight hours and it was noted that the constrictor response became progressively greater, producing a further 19% decrease in blood flow during nerve stimulation about three hours after the injection of kaolin. The sensitivity of postiunctional a adrenoceptors, however, showed still greater increase in the inflamed joint as close intraarterial injection of 10'6 M adrenaline produced an additional 30% reduction in blood flow four hours after kaolin injection compared with the control response. Possibly, the smaller enhancement of the constrictor response to nerve stimulation in the inflamed joint may reflect sensitisation of prejunctional a adrenoceptors in addition to the effects exerted on postjunctional a adrenoceptors by the inflammatory process. The dilator response also increased over eight hours, though this rise was less marked. These findings indicate that even over the limited time span of the experiments, significant alterations occurred in factors which influence the calibre of articular blood vessels.
Abstract
These experiments examined the responses of articular blood vessels in the rabbit knee to induction of acute joint inflammation by intraarticular injection of 4% kaolin suspension. This produced an inflammatory response, which became evident about four hours after injection. Electrical stimulation of the nerve supply to the knee joint before induction of inflammation produced a biphasic responsean initial vasoconstriction during the stimulation phase followed by dilatation after stimulation stopped. These responses were followed up for eight hours and it was noted that the constrictor response became progressively greater, producing a further 19% decrease in blood flow during nerve stimulation about three hours after the injection of kaolin. The sensitivity of postiunctional a adrenoceptors, however, showed still greater increase in the inflamed joint as close intraarterial injection of 10'6 M adrenaline produced an additional 30% reduction in blood flow four hours after kaolin injection compared with the control response. Possibly, the smaller enhancement of the constrictor response to nerve stimulation in the inflamed joint may reflect sensitisation of prejunctional a adrenoceptors in addition to the effects exerted on postjunctional a adrenoceptors by the inflammatory process. The dilator response also increased over eight hours, though this rise was less marked. These findings indicate that even over the limited time span of the experiments, significant alterations occurred in factors which influence the calibre of articular blood vessels.
The factors regulating the calibre of articular blood vessels are at present poorly understood. It has been shown that the blood vessels supplying the knee joint of the dog are innervated by sympathetic efferent fibres, which when stimulated produce vasoconstriction.' More recently it was shown that electrical stimulation of the posterior articular nerve supplying the dorsal aspect of the cat knee joint produced a biphasic response-an initial vasoconstriction during stimulation followed by a longlasting dilatation.2 The dilator response seemed to be mediated by substance P release from unmyelinated joint afferent fibres as it was inhibited by intra-articular injection of the potent substance P antagonist d-Pro, 4 d-Trp7 9 0_-SP(4_1 1).2 The constrictor response is likely to be mediated via a, adrenoceptors as these are the principal type of postjunctional receptor found on rabbit articular blood vessels.3 Adrenaline and noradrenaline were equally effective in eliciting vasoconstriction in these vessels, which also appear to be devoid of K adrenoceptors.3
These experiments examined the possibility that the response to electrical stimulation of the nerve supply to the rabbit knee joint is altered by experimentally induced acute joint inflammation. This was carried out to determine whether the vasodilatation known to occur in joint inflammation might be attributed to alteration of neurotransmitter release at sympathetic nerve endings or change in adrenoceptor sensitivity induced by the inflammatory process.
Materials and methods Adult New Zealand rabbits weighing about 3 kg were anaesthetised with a mixture of diazepam (0 5 mg/kg intraperitoneally) and Hypnorm (0 1 mg/kg intramuscularly). Thereafter, anaesthesia was maintained with a gaseous mixture of 02/N20/halothane (2%), which was delivered via a tracheal cannula. The common carotid artery was cannulated to permit monitoring of arterial blood pressure. The anteromedial aspect of the knee was exposed, the patellar ligament sectioned close to the patella, and the underlying articular tissue carefully exposed ( fig  1) . A 21G hypodermic thermocouple was inserted into the joint cavity and connected to an amplifier (Thermalert TH-6D) to Acute inflammation was induced by intraarticular injection of 4% kaolin suspension (Sigma) into one knee joint while the other was injected with sterile physiological saline to act as an internal control. The responses of the knees were examined by monitoring intra-articular temperature and by measurement of Evans blue extravasation into the joint tissue of the two knees. As Evans blue binds to plasma proteins normally restricted to the vascular compartment its presence in joint tissues provides an indirect means of assessing capillary permeability. The technique used to extract Evans blue and its subsequent spectrophotometric measurement has been described previously.5 Evans blue 75 mg/kg was injected intravenously before intraarticular injection and the tissue samples were obtained at the end of the experimental period (about eight hours after intra-articular injection of saline or carrageenan).
Unless otherwise stated, data points in graphs represent means (SEM). Statistical analysis was by paired or unpaired t test, as appropriate.
Results
Electrical stimulation of the saphenous nerve produced a repeatable response consisting of reduction in blood flow during the period of nerve stimulation, indicating vasoconstriction, followed by a longer lasting dilator response ( fig  2) . This response to nerve stimulation remained relatively stable and reproducible upon repeated stimulation, as long as the 30 s pulse trains were not reapplied until five minutes had elapsed from the previous period of stimulation.
Simultaneous monitoring of the intra-articular temperatures of the two knees from the same animal showed characteristic responses. The knee that was injected with saline showed a progressive fall in intra-articular temperature with time ( fig 3A) , presumably owing to cooling of the immobile knee. The knee injected with kaolin also showed a fall in temperature initially, but this eventually levelled out ( fig 3A) . There was a 2°C difference in the temperature before injection because the kaolin injected knee was exposed to the atmosphere to obtain the blood flow measurements. It is noticeable that the initial temperature difference between the knees was almost completely reversed by the end of eight hours. This suggests that the kaolin injected knee was becoming inflamed by this time. Measurement of Evans blue extravasation in the two knees of five rabbits showed significant inflammation in the kaolin treated side compared with the saline injected side ( fig 3B) .
The responses to nerve stimulation were monitored in two groups of animals every half hour ov-er a period of seven to eight hours. In one group of animals the knee was injected with saline (n= 3), while in the other group (n= 5) the knee was injected with the kaolin suspension. As Even though the joint capsule was exposed to the external environment for many hours, blood flow changed little over this time in the saline injected knee (fig 4C) . In the kaolin injected knee little change in blood flow occurred until about 61/2 hours after injection when statistically significant differences in blood flow occurred compared with the saline injected knee. When compared with the control value the kaolin injected knees showed consistently significant Although the responses to nerve stimulation were modestly enhanced by the inflammatory process, larger changes occurred in the sensitivity of the a adrenoceptors as the response to close intra-arterial injection of adrenaline (10-6 mol/1) was modified ( fig 5) . Immediately after intra-articular injection of saline or kaolin there was little difference in the constriction induced by adrenaline, which at this dose produced about a 50% reduction in flow. When the same 2h 4h 6h dose of adrenaline was given two hours later, ra-arterial injection of10 -6M however, a highly significant rise in the response The differences in response to intra-arterial * injection of adrenaline are illustrated well in fig 6 , which shows dose-response curves to adrenaline. Figure 6A shows that the response to / t adrenaline eight hours after injection of kaolin was enhanced compared with the response after saline injection after the same length of time. Figure 6B is from the same animal and indicates that the response to injected adrenaline was only little affected by time. 
Discussion
The results of these experiments show that within eight hours of inducing an acute inflammatory response in the rabbit knee by intraarticular injection of4% kaolin, changes occurred in the sensitivity of the a adrenoceptors. The response to close intra-arterial injection of adrenaline shows that postjunctional a adrenoceptors become more sensitive within two hours of kaolin injection and by six hours give rise to an additional 40% reduction in blood flow compared with the response to the same dose (10-6 mol/l) immediately after kaolin injection. The response to nerve stimulation might have been expected to show a similar increase in effect, but overall there was a smaller increase in the constrictor response (maximum increase about 19%). This might be explained if the inflammatory process also enhances the sensitivity of prejunctional a adrenoceptors. These are usually of the a2 subtype and act in a negative feedback fashion, limiting the release of noradrenaline from sympathetic nerve endings. 6 Preliminary experiments suggest that such receptors are found in the rabbit knee and act as indicated above (Khoshbaten and Ferrell, unpublished observations). Another possibility is that the inflammatory process enhances the mechanisms involved in the reuptake of noradrenaline at symptomatic nerve endings and this contributes to the smaller enhancement I Khoshbaten, Fenell of the constrictor response to nerve stimulation in kaolin injected knees.
It is noticeable that even in the saline injected knees a gradual increase in sensitivity to injected adrenaline occurred over eight hours ( fig 5) . This was not due to increased sensitivity of the a adrenoceptors to cold as cooling the knee artificially with a fan and repeating the administration of adrenaline failed to show increased sensitivity in the cooled, saline injected knee. This must therefore reflect some other factor acting to increase the sensitivity of a adrenoceptors. One possibility is that exposure of the capsule and insertion of thermocouple probes into the synovial cavity may provoke a low grade inflammatory response over the eight hour measurement period.
The dilator response which follows nerve stimulation showed a gradual rise in the kaolin injected knee with the value at 71/2 hours having doubled compared with the control value. By contrast, in the saline injected knee the value at 71/2 hours is only slightly increased compared with its control value. Previous work has shown that the dilator response is mediated by substance P released from C fibre afferents innervating the knee.2 The increased dilator response in the inflamed knee may reflect greater release of substance P from these nerves fibres or perhaps upregulation of substance P receptors. As substance P is known to exert proinflammatory actions on joint tissue,' increased release of substance P or increased sensitivity of substance P receptors may contribute to the inflammatory process.
One hypothesis which was to be tested in these experiments was whether the vasodilatation which occurs in inflamed joints might be attributed to some extent to a decrease in a adrenoceptor sensitivity to noradrenaline release from sympathetic nerve endings on articular blood vessels. It is clear, however, that the opposite occurs-these become sensitised by the inflammatory process. This is mitigated to some extent by the possible sensitisation of prejunctional a adrenoceptors. An additional mitigating factor may be the release of substance P from unmyelinated afferent fibres. These fibres show enhanced neural activity in acutely inflamed joints,7 and thus may contribute to vasodilatation in such joints.
These experiments have shown that acute joint inflammation induced by kaolin influences those factors which normally regulate articular blood vessel calibre. The mechanisms responsible for altering the sensitivity of a adrenoceptors (and perhaps substance P receptors), and the functional significance of this, remain to be determined.
